A novel polyhedral borane cluster, {[fa 5 -C5H5)Fe(r| 5 -C5H4CH2(Me)3N)] + 2 [B22H22] 2 "} (1), was synthesized in 60% yield from the oxidative coupling reaction involving [B11H14]" ions in a mixed aqueous and organic media. The single crystal X-ray diffraction analysis of 1 showed it to be a fused polyhedron in which an open (nido) decaborane cage is fused to a closed (closoj dodecaborane cluster by eliminating two bridging hydrogens on the B10-cage and two terminal hydrogens on the Bi2-cluster.
INTRODUCTION
In view of the renewed interest in the boron neutron capture therapy (BNCT) of cancer, there has been considerable activities in the preparation of larger polyhedral boranes and carboranes that have the ability to form a variety of exo-polyhedrally linked biomolecules [1] . The important synthons to such molecules are the boron-10 enriched neutral decaborane(14), B10H14, and the dianionic dodecaborate cluster, [B^H^] 2 "· Although both of these compounds can be efficiently synthesized directly from pentaborane(9), B5H9, that has been stockpiled in US government inventories [2] , the 10 Benriched species are being prepared from readily available sodium borohydride, NaBH4 [3] . In this respect, the simplified method of Dunks and coworkers for B10H14 from NaBH4 via [B11H14]" ion has an obvious appeal [4] . Since the decaborane(14) was produced only in the optimum yield of 50%, the authors speculated that the oxidation step in the procedure could lead to a coupling reaction between two [B11H14]" ions by losing two protons with concomitant cage degradation to yield B10H14 [4] . Although the oxidation of [B11H14]" ion in the presence of FeCl3 using anhydrous conditions failed to produce the desired coupled species, IB22H24] 2 " ion, on one occasion the addition of Me3NHCl to the aqueous mixture of [BnHi4]~ ion subsequent to its oxidation with hydrogen peroxide yielded a white precipitate. The analytical and spectroscopic data of this white precipitate were consistent with the formula, [B22H24] 2 ", in which a Βχο-cage is singly bonded to a Bi2-unit in [B10H13-B12H1 χ] 2 " cluster [4], Although such a cluster formation could result from the initial disproportionation reaction of [BnH14]~ ion forming 0.5 mole each of [B12H12] 2 -ion and a neutral B^oH 14 followed by the oxidative coupling of these cages, clearly more synthetic and structural work was warranted in order to prove this hypothesis. It was this result that led us to reinvestigate the work of Dunks and coworkers with a particular interest in establishing reactivity and structural patterns in this large cage system. Here we report the synthesis and crystal structure of a novel fused polyhedral borane dianion, [B22H22l 2~. whose 10 B-enriched species is envisioned to be a potential precursor for selective biomolecules that can be used in boron neutron capture therapy (BNCT) of cancer.
RESULTS AND DISCUSSION
In a slightly modified procedure, described by Dunks and coworkers [4] for the preparation of BjqH^, the room temperature reaction between the tetramethylethylenediamine-solvated sodium undecaborate, {[Na(TMEDA)2][Bi 1H14]"}, and hydrogen peroxide in 1:9 stoichiometry in 1:1:1 solvent mixture of benzene, hexane and water in the presence of aqueous sulfuric acid, followed by the cation exchange with ferrocenylmethyl-Ν,Ν,Ν-trimethylammonium iodide and subsequent crystallization from aqueous acetonitrile solution produced the novel fused polyhedral borane cluster, identified as {[^5-C5H5)Fe^5-C5H 4 Since it has been established that [ΒχχΗ^Ι" cage can be either expanded to [B 12 H 12 ] 2~ by reacting with one equivalent of NaBH 4 [5] or degraded to ΒιοΗχ 4 by oxidation with a variety of oxidizing agents [4] , it is possible that the [BnHi 4 ]~ ion can initially undergo a disproportionation reaction when treated with sulfuric acid before its further oxidative coupling reaction with H 2 0 2 as shown in eq (1). However, unlike [B 12 Hi 2 ] 2 " ion which is relatively unstable under chemical oxidizing conditions decomposing to boric acid [6], 1 is found to be a stable species which do not seem to undergo ready degradation to form Β 10^14 or some other product(s) under the vigorous experimental conditions used in its prepartion (see Experimental Section). It is of interest to note that the reaction between Na[B n H 14 ].2.5 dioxane and HgBr 2 in THF led to the coryuncto-dianion [B 22 H 26 ] 2 " which, on the basis of its IR and NMR spectra, was thought to have the structure of two Bu cages linked by a direct B-B bond at the apical position [7] .
The J H and 13 C NMR spectra indicated the presence of the ferrocenylmethyl-iV,N,Ntrimethylammonium unit in 1, in addition to showing the presence of bridging hydrogens in the X H NMR spectrum. However, the proton-coupled NMR spectrum exhibited a down-field singlet at ( 8.71 ppm, with other up-field doublets at (-13.05, -16.9, -19.1, -22.2 and -32 .2 ppm in a roughly 1:2:3:2:2:1 peak area ratio. Only the resonances at ( 8.71 (singlet) and ( -32.2 ppm (doublet) were separated enough that the ('s have significance with the former being assigned to the fused borons and the other for the apical borons. With the exception of peak area ratios, the n B NMR spectra of 1 is almost identical to those observed by Dunks and coworkers for the white precipitate obtained during the oxidation of [BnHi 4 ]~ ion in aqueous medium [4] . Nonetheless, the set of resonances centered near 6 17 ppm, could not be assigned unambiguously. Moreover, the solution IR spectrum does not reveal any additional information about the cage geometry other than simply exhibiting the presence of ferrocenylmethyl-N, N, N-trimethylammonium moiety, the terminal BH units and the bridging (B-H-B) hydrogens. Therefore, the unambiguous geometiy of the title compound was determined by X-ray diffraction studies. To the best of our knowledge, this constitutes the first structural report on a fused polyhedral borane cluster containing more than 20 cage atoms without the metals being integral part of the cluster vertices.
The crystal packing diagram (Figure 1) shows that compound 1 consists of two {[(Tl 5 -C5H5)Fe(Ti 5 -C5H4CH2(Me)3N)] + cations with no appreciable contact with the dianionic cluster, [B22H22I 2 ". indicating that there is no significant interaction between them.
The structure of the anionic unit in 1, shown in Figure 2 , is a fused polyhedron in which a slightly distorted icosahedral B^Hio-cage is fused with an open B10H12 unit involving two of the lower belt basal boron atoms in the former cage and four of the upper belt borons in the latter unit with concomitant elimination of the two terminal and two bridging hydrogens, respectively. Thus 1 is structurally related to several other borane polyhedra having 12-20 boron atoms, in which two borane cages share a common edge. Among them B12HI6 [8] , BI6H20 [9], BI8H22 [10], i-B18H22 HI), and B20H16 [12] cluster geometries are noteworthy. The open B10H12 unit contains two B-H-B bridges [ H(1'9') and H(4'8')] which are in close proximity of B(L) and B(2) atoms that share the common edge without the terminal H's. Consequently, the resonances in the 1 *B NMR spectra are broad due to some degree of cage fluxionality on the NMR time scale. Table 1 ). On the other hand, the B-B distances in the BjoH^ unit are in the range of 1.736(12) -1.797(14) Ä except for the predictably large values of 1.846(13), 1.870(13), 1.920(14) and 2.090(13) A for the corresponding B(4>B(8'), B(r)-B(9·), B(8')-B(9') and B(2')-B(3') bonds where bridging H's were originally present as in the structure of the parent decaborane(14), B10H14 [14] . Within the allowed errors of estimation, the geometry of the BjoHi2 unit in 1 is identical to those determined for a number of L2BX0H12 adducts (15,16). The geometries of the [(T| 5 -C5H5)Fe(Ti 5 -C5H4CH2(Me)3N)] + cationic units are unexceptional (see Table 1 ) and deserve no special comment.
TABLE 1. SELECTED BOND LENGTHS (A) AND BOND ANGLES (°) FOR 1
2.028 (7) 2.039 (8) 2.052 (9) 2.053 (8) 2.031 (7) 2.042 (10) 2.045 (9) 2.025 (8) 2.028 (9) 2.037 (10) 2.024 (7) 2.039 (7) 2.063 (9) 2.066 (9) BxiHi4]-}, was suspended in 50 mL of 1:1:1 solvent mixture of benzene, hexane and water. To this mixture at room temperature, 13 mL of sulfuric acid (65% v/v) was added cautiously with constant stirring. At this point, a solution of hydrogen peroxide (13 g, 30%, 114.7 mmol) was slowly added to the above stirred reaction mixture over a period of 1 h at room temperature. After stirring for 6 days at room temperature, the organic and aqueous layers of the mixture were separated by conventional method using a separating funnel. The removal of solvents from the organic layer resulted in the isolation of 0.23 g (1.88 mmol, 16% yield) of BIQH^. TO the filtered aqueous layer 4.62 g (12 mmol) of [fr 5 -C5H5)Fe(r| 5 -C5H4CH2(Me)3N)]I in 1:1 mixture of THF/H20 was added which resulted in a yellow precipitate and was isolated by filtration. This yellow solid was recrystallized from aqueous acetonitrile solution to collect {[(η 5 -C5H5)Fe^5-C5H4CH2(Me)3N)] + 2[B22H22] 2 "} (U. in 60% yield (2.79 g, 3.59 mmol; m.p. >250°C).
BOND LENGTHS
Analytical and Spectroscopic Data of 1: Anal. Calcd for C28H62B22N2Fe2: C, 43.32; H, 8.05; N, 3.61. Found: C, 43.39; H, 8.16; N, external F>6.0a(F) ]. Data were corrected for Lorentz, polarization, and absorption (based on ψ scans) effects. The structure was solved by Direct methods and refined by full-matrix least-squares techniques using SHELXTL-Plus
[17], All non-H atoms were refined anisotropically. Cage-Η atoms were located in difference Fourier maps, and methyl and methylene Η atoms were calculated using a riding model. The final refinement of I converged at R = 0.0482, wR = 0.0525, and GOF= 2.48 for observed reflections.
CONCLUSIONS
The presence of two B-H-B bridging hydrogens along with the dinegative charge on the cluster suggests that 1 would undergo further reactions leading to selective cage functionalities that would result in the synthesis of a number of biomolecules containing fused B22-cluster. The results to date clearly indicate that 1 is a stable cluster which can be synthesized from 10 B-enriched NaBH4 in reasonable yield. The preliminary results of the reactivity studies on 1 suggest that the functionalized compounds, that have a high probability of preferentially localizing in tumor cells rather than normal tissues, can be synthesized from 1 and their potential use in BNCT and other treatment can be explored. This work also suggests that a number of novel fused clusters of borane and carborane systems could be synthesized and their reactivity patterns established. Our efforts in such endeavors are currently in progress.
